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ABSTRACT 
Aims or Purpose 
The Child Amblyopia Treatment Questionnaire (CAT-YŽ> ?ǁĂƐĚĞǀĞůŽƉĞĚƵƐŝŶŐĂ “ďŽƚƚŽŵ-ƵƉ ?
methodological approach.  Interviews with children with amblyopia identified items (questions) 
and response levels to be tested in a draft questionnaire consisting of 11 items (sad, feeling on 
face, hurt, doing schoolwork, cross, how other children treat you, doing things, worried, upset 
with family, playing with friends, happy).  This study describes the refinement of the descriptive 
system for the CAT-QoL instrument using the application of Rasch analysis.   
 
Methods 
A multi-centre pilot study was conducted, and data collected from 342 participants.  Participants 
were asked to self-complete the appropriate treatment version of the CAT-QoL questionnaire 
Socio-demographic and clinical data was collected by the clinician using a standardised 
ƉƌŽĨŽƌŵĂ ?    “ŵĞĂƐƵƌĞ ? ŽĨ ĐŚŝůĚ ?Ɛ ŚĞĂůƚŚǁĂƐŽďƚĂŝŶĞĚ ĨƌŽŵ ƚŚĞ ƉĂƌĞŶƚ ďǇ ĂƐŬŝŶŐ ŚŽǁ ƚŚĞǇ
ǁŽƵůĚƌĂƚĞƚŚĞŝƌĐŚŝůĚ ?ƐŚĞĂůƚŚŽǀĞƌƚŚĞƉƌĞǀŝŽƵƐǁĞĞŬ ?ZĂƐĐŚĂŶĂůǇƐŝƐƚĞĐŚŶŝƋƵĞƐǁĞƌĞĂƉƉůŝĞĚ
to refine the questionnaire.  Rasch was used to examine response categories and collapse item 
response levels, identify poorly performing items, and explore local dependency of items.  
 
 
Results 
A total of 331 subjects were included in the study sample, however only 315 were accepted into 
the RUMM program as a number of subjects had missing questions responses on the CAT-QoL.  
RUMM also excluded a further 41 subjects as these demonstrated extreme responses.  
Disordered response categories were found for each item, requiring adjacent response levels to 
be combined.  This was applied to all items, and the model fit was re-examined.  Two items were 
found to have poor fit (cross and happy) and were removed from the measure and the model 
fit was re-examined.  No statistically significant differential item functioning (DIF) was found for 
any item, using person factors of age, sex, or general health.  Two items showed some 
dependency (worried and upset with family), and the poorer fitting item was subsequently 
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removed (upset with family).  This resulted in a refined CAT-QoL instrument that consists of 8-
items, each with 3-level response scales.   
 
Conclusion 
The refined CAT-QoL instrument includes the following items: sad, feeling on face, hurt, doing 
work at school, how other children treat you, doing things, worried, and playing with friends).  
The CAT-QoL can be Rasch scored, with a range of 0-16 where a greater value indicates a worse 
quality of life (or greater impact of treatment on the individual).  The CAT-QoL may be useful in 
determining how amblyopia treatment affects children, and offers an alternative to generic 
patient reported outcome measures.   
  
4 
 
INTRODUCTION 
The Child Amblyopia Treatment Questionnaire (CAT-QoL) is a paediatric disease-specific patient-
reported outcome measure (PROM)  for amblyopia.  Designed for children aged 4-7 years, it was 
created through a number of methodological stages.1-4   “ďŽƚƚŽŵ-ƵƉ ?ĚĞǀĞůŽƉŵĞŶƚĂƉproach 
was adopted, and children ?Ɛ ƌĞƐƉŽŶƐĞƐ were used to determine the content of the draft 
descriptive system.   Interview data directly informed the items (questions) of the instrument; 
the response levels of the instrument; and the wording and layout of the draft instrument.  This 
approach ensures good content and face validity.  Seven treatment-specific versions of the draft 
questionnaire were created (patch; drops; glasses; patch and drops; patch and glasses; glasses 
and drops; glasses, patch and drops), with each version worded slightly differently to reflect the 
type of treatment the child is undertaking.  The draft questionnaire contains eleven items that 
are marked on a 5- or 6-part response scale.4  An example is shown in Figure 1.  The items 
include; sad, feeling on face, hurt, doing schoolwork, cross, how other children treat you, doing 
things, worried, upset with family, playing with friends, and happy.   
 
PROMs provide a mechanism of measuring health or health-related quality of life (HRQoL), and 
use rating scales to assess the variable.  How the rating scales and items are defined and selected 
may differ depending upon the theoretical approach applied during their development.  The 
classic approach (e.g. classical test theory) assumes that a total test score is made up of multiple 
ŝƚĞŵƐ ? ĂŶĚ ƚŚĂƚ ƚŚŝƐ ƐĐŽƌĞ ŝƐ ŵĂĚĞ ƵƉ ŽĨ ďŽƚŚ Ă  “ƚƌƵĞ ĐŽŵƉŽŶĞŶƚ ? ĂŶĚ Ă  “ƌĂŶĚŽŵ ĞƌƌŽƌ
ĐŽŵƉŽŶĞŶƚ ? ?5  The response levels of the items will have an assigned value, and can be thought 
of as categorical responses.  Two main assumptions are made with this approach:  that equal 
intervals exist between each response category; and that each item of the instrument has the 
same difficulty. The appropriateness of these assumptions have been questioned, and 
techniques developed to address such issues.  Rasch analysis is a mathematical technique that 
converts categorical responses to a continuous latent scale using a logit model.6  Rasch analysis 
converts item responses into a continuous latent scale covering the full severity range, and 
positions individual responses on the scale.  Item responses are assumed to be a function of the 
location of both the person and the item on the logit scale.7  The fundamental principle of the 
ZĂƐĐŚŵŽĚĞůŝƐƚŚĂƚ “ƚŚĞŽƵƚĐŽŵĞŽĨĂŶĞŶĐŽƵŶƚĞƌďĞƚǁĞĞŶĂperson and an item is governed 
ďǇƚŚĞƉƌŽĚƵĐƚŽĨƚŚĞĂďŝůŝƚǇŽĨƚŚĞƉĞƌƐŽŶĂŶĚƚŚĞĞĂƐŝŶĞƐƐŽĨƚŚĞŝƚĞŵ ? ?8  The easier an item is, 
the more likely it will be passed; and the more able the person, the more likely they will pass an 
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item compared to a less able person.9     Rasch analysis can be used in PROM development to 
address the appropriate number of response levels for items, and to identify poorly performing 
items.  The application of Rasch analysis in the development and refinement of ophthalmology 
questionnaires is becoming increasingly common, with application to the Adult Strabismus-20 
(AS-20)10, Ocular Comfort Index (OCI)11, Ocular Surface Disease Index (OSDI)11, Brief Impact of 
Vision Impairment (IVI) questionnaire12, and the Keratoconus Outcomes Research Questionnaire 
(KORQ)13, to name but a few.  This study describes the application of Rasch analysis to refine the 
descriptive system for the CAT-QoL instrument. 
 
When evaluating an instrument using Rasch analysis the following are explored: Overall model 
fit; Individual person fit and item fit with the Rasch model; Thresholds; Differential item 
functioning; and Local independence.  The overall fit of the model for the scale is given by a Chi-
Square Item-Trait Interaction statistic.  This is calculated by adding the chi-square values for the 
individual scale items.  Statistical significance is determined using the associated summated 
degrees of freedom.  A non-significant value indicates that there is no substantial deviation from 
the model; and that the hierarchical ordering of the items is consistent across all levels of the 
underlying trait.  When looking at the overall model fit, a non-significant probability is desirable.  
This means that our observed scores (i.e. participant responses) are not different from the 
model (what we expect).   If misfit is found in the model, (that is to say that the observed and 
expected scores differ) then this should be investigated.  The misfit may be the result of 
misfitting respondents or misfitting items.  If the items and persons fit the model, we would 
expect a mean of 0, and a standard deviation (SD) of 1.  If the observed values differ from these 
then the individual person fit and individual item fit should be explored. 
 
The individual person fit is explored by examining the Person Separation Index (PSI).  The PSI 
figure provides an indication of the power of the instrument to be able to discriminate amongst 
respondents with different levels of the trait being measured.  So in this study, the PSI is an 
indication of how the CAT-QoL is able to discriminate between respondents who have different 
severity levels of amblyopia.  A value of 0.7 is the minimum accepted level of PSI.  This value 
indicates that the measure is able to statistically differentiate between 2 groups of patients.14  A 
value of 0.8 represents the ability of the measure to statistically differentiate at least 3 ability 
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groups.  A value of 0.9 would indicate the ability of the measure to discriminate between 4 or 
more groups.15 If items are misfitting then this is demonstrated by two statistics: a Fit Residual 
value of 2.5 or more and a significant Chi-square probability value.16  Misfitting items may be 
due to: inconsistent use of the response options (disordered thresholds); or item bias across 
groups of respondents (differential item functioning); or multidimensionality (local 
independence).  ƌŽŶďĂĐŚ ?ƐůƉŚĂŵĂǇĂůƐŽďĞƵƐĞĚƚŽĂƐƐĞƐƐƚŚĞƌĞůŝĂďŝůŝƚǇŽĨƚŚĞŵĞĂƐƵƌĞ ?dŚŝƐ
ranges from 0 to 1 with 0.70 being the lowest level of acceptability.14 
 
Threshold refers to the point between two response categories where either response is equally 
probable (e.g. the point where the probability of scoring a 0 or a 1 is 50/50).  However, Rasch 
analysis may reveal there to be disordered thresholds.  That is, there is inconsistent use of the 
response thresholds.  Simply put, respondents are not answering the items in a way that was 
expected.  It occurs when respondents have difficulty in discriminating between the response 
options.  This may be because there are too many options to choose from, or that the labelling 
of the response options is confusing.  To investigate disordered thresholds, responses to an item 
are inspected on a category probability curve.  If disordered thresholds are found, this can be 
addressed by collapsing adjacent category response levels for that item.  After doing this, the 
model fit needs to be re-evaluated again. 
 
Differential item functioning (DIF) is a form of item bias across groups of respondents.  It occurs 
when different groups within the same sample, despite equal levels of the underlying 
characteristic, respond in a different manner to an individual item.  There are two different types 
of DIF; uniform DIF (where one group shows a consistent systematic difference in their 
responses to an item, across the whole range of the attribute being measured) or non-uniform 
DIF (which occurs when the differences between groups varies across the level of the attribute).  
There are different methodological approaches that can be taken if DIF is found.  In the case of 
instrument development, the presence of DIF may be influence the removing of that item from 
the instrument.  DIF can be detected both statistically and graphically.  An ANOVA is performed 
for each of the items, comparing the scores ĂĐƌŽƐƐĞĂĐŚůĞǀĞůŽĨƚŚĞ “ƉĞƌƐŽŶĨĂĐƚŽƌ ?ĂŶĚĂĐƌŽƐƐ
different levels of the trait (class intervals).  Uniform DIF is indicated by a significant main effect 
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for the person factor (for example, gender).  Non-uniform DIF is indicated by a significant 
interaction effect (person factor X interval). 
 
>ŽĐĂůĚĞƉĞŶĚĞŶĐǇŝƐĂŶŽƚŚĞƌƉŽƚĞŶƚŝĂůƐŽƵƌĐĞŽĨŵŝƐĨŝƚǁŝƚŚŝŶĂƐĐĂůĞ ?dŚŝƐŝƐǁŚĞƌĞĂƉĞƌƐŽŶ ?Ɛ
response to one item in the scale will have a bearing upon their response to another, different 
item within the same scale.  Local dependency is assessed by looking at how the residual 
correlations for each item correlate with the residuals of every other item.  There is no current 
consensus as to the values that indicate local dependency among items.  However, a residual 
correlation between 0.2 and 0.3 above the average of all item residual correlations is thought to 
be problematic.17 
 
The application of Rasch analysis in instrument development is not uncommon.  However, there 
is no widely accepted approach as to what element to consider first in the inclusion/exclusion 
of items.   
 
MATERIALS AND METHODS 
Patient Cohort 
Data used in this study was collected from nine sites across England, United Kingdom (UK).  
Inclusion criteria was that used during the development of the draft descriptive system.3;4 The 
study was approved by the National Health Service Research Ethics Committee for Airedale, 
United Kingdom (UK), (REC Ref: 07/Q1201/5), and followed the tenets of the Declaration of 
Helsinki.  Written parent/guardian consent was obtained prior to data collection.  Each 
participant was asked to self-complete the appropriate treatment version of the CAT-QoL 
questionnaire.  Item responses were scored from 0-4 (or 0-5 where appropriate) as indicated on 
Figure 1.  Socio-demographic and clinical data was collected by the clinician using a standardised 
proforma (see Supplementary Material).   “ŵĞĂƐƵƌĞ ?ŽĨĐŚŝůĚ ?ƐŚĞĂůƚŚǁĂƐŽďƚĂŝŶĞĚĨƌŽŵƚŚĞ
ƉĂƌĞŶƚďǇĂƐŬŝŶŐŚŽǁƚŚĞǇǁŽƵůĚƌĂƚĞƚŚĞŝƌĐŚŝůĚ ?ƐŚĞĂůƚŚŽǀĞƌƚŚĞƉƌĞǀŝŽƵƐǁĞĞŬ ?ZĞƐƉŽŶƐĞ
options included excellent, very good, good, fair and poor. 
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Rasch Analysis 
The following steps were undertaken using an iterative approach using Rasch Unidimensional 
Measurement Models (RUMM2020).18  An iterative approach was undertaken in the analysis.  
Figure 2 shows the methodological stages of the Rasch analysis.  The acceptability criteria 
recommended by RUMM2020 are as follows.  
 
Items were then assessed to investigate the goodness of fit to the Rasch model.  This was done 
by assessing fit residuals and item-trait interactions.    Fit residuals estimate the amount of 
divergence between the expected and observed responses and are investigated for both 
respondents and items.  Divergence residuals > 2.5 are considered high, and so respondents 
outside of these levels are removed from analysis.  When all the respondents fit the model, 
items are checked using the same criteria.  Items with residuals > 2.5 are excluded.  Once all 
items and persons fit the model, we would expect a mean of 0, and a standard deviation (SD) of 
1.7    The overall fit of the model for the scale is given by a Chi-Square Item-Trait Interaction 
statistic (X2).  This is calculated by adding the chi-square values for the individual scale items.  
Statistical significance is determined using the associated summated degrees of freedom.  A 
non-significant value (> 0.01) indicates that there is no substantial deviation from the model; 
and that the hierarchical ordering of the items is consistent across all levels of the underlying 
trait.  When looking at the overall model fit, a non-significant probability is desirable.  This means 
that our observed scores (i.e. participant responses) are not different from the model (what we 
expect).    
 
The item-fit, person-fit residuals, and item trait interactions are assessed for the overall model.  
The unidimensionality of the dimension is investigated by calculating independent t-tests 
comparisons of person estimates generated by different subsets of valid items.  If a scale is 
unidimensional, then at least 95% of the t-tests will be non-significant.7  Local dependency is 
also assessed by looking at how the residual correlations for each item correlate with the 
residuals of every other item.  There is no current consensus as to the values that indicate local 
dependency among items.  However, a residual correlation > 0.3 above the average of all item 
residual correlations is thought to be problematic.17  Item range is examined, considering the 
range on the logit scale, and the spread at logit 0.  A large range indicates that an item covers a 
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fuller range of the severity of the underlying construct being measured.7  It is desirable for the 
range to include values above and below 0, as this means that the item covers both more severe 
and less severe cases, respectively.  Spread at logit 0 relates to the spread of response at the 
average item severity, and again a higher spread indicates a better item coverage.   
 
RESULTS 
Study Sample 
The socio-demographic details of the study sample are shown in Table 1.  In total, 342 subjects 
were recruited into the study.  There was missing clinical data for some participants.  These were 
excluded from the sample (n=11), leaving 331 participants in any subsequent analysis.  One 
hundred and eighty nine (57%) were male, and 142 (43%) were female.  The age range of the 
study sample (4-8 years) is reflective of that seen clinically, with the majority of children on 
amblyopia treatment aged between 5 and 7 years.  The range of interocular difference in VA 
(logMAR) at the time of the study was 0  ? 1.75, with a mean of 0.20 and median of 0.175.  
Participants were rated in terms of their amblyopia severity at the time of the validation study.  
The definitions chosen were informed by previous studies by the PEDIG group, whereby mild 
ǁĂƐĐĂƚĞŐŽƌŝƐĞĚĂƐ ?A? ? ? ? ?ůŽŐDZ ?ŵŽĚĞƌĂƚĞ ? ? ? ?A? ? ? ? ? and severe >0.61 logMAR.19-21     Table 
2 shows the clinical demographics of the study sample, in terms of type of amblyopia, 
strabismus, and refractive error present.  The majority of participants were in excellent or very 
good general health (as reported by parents).  The majority of participants received the Glasses 
only version of the CAT-QoL or the Patch and Glasses version (n=145 and n=173 respectively). 
 
Rasch analysis 
A total of 331 subjects were included in the study sample, however only 315 were accepted into 
the RUMM program as a number of subjects had missing questions responses on the CAT-QoL.  
RUMM also excluded a further 41 subjects as these demonstrated extreme responses.  These 
people are removed from the analysis for the purpose of calculating the item (and person) 
parameters, for they do not provide any useful information as they sit at either the floor or the 
ceiling of the scale.  The extremes are removed only for the parameter estimation procedures.  
dŚĞ “ĞǆƚƌĞŵĞƌĞƐƉŽŶĚĞŶƚƐ ?ĂƌĞŐŝǀĞŶĂůŽĐĂƚŝŽŶŽŶƚŚĞƐĐĂůĞ ?ŚŽǁĞǀĞƌ ?ƚŚŝƐŝƐĂ “ŐƵĞƐƐ ?ĂƐƚŚĞ
10 
 
scale does not have the measurement points to be any more precise).  This procedure is run 
automatically within the RUMM program. 
 
Table 3 shows the summary fit statistics after the Rasch model had been applied.  Initial analysis 
(initial) showed that the Person-Fit Residual is acceptable.  There is a low mean value, and the 
SD is close to 1.  The Item fits Residual shows a high mean, and a high SD.  This suggested 
misfitting items.  The Chi-Square Interaction Probability Statistic was at an acceptable level 
(<0.05).  The test for unidimensionality (t-test score percentage) was below the accepted criteria 
(<5%). 
 
Disordered response categories were found for each of the CAT-QoL items, and there were 
different levels of disordered response categories for each item.  The category probability curves 
for the 11-item CAT-QoL instrument are shown in Supplementary Material B.  The number of 
response levels was reduced for each item, with an attempt to ensure that the maximum 
number of response levels remained.  The number of response levels for each item after the 
collapsing of adjacent categories is shown in Table 4.  The majority of items (n=7) allowed 3-
response level thresholds.  Two items had a 4-response level threshold, and two items had only 
2-response level thresholds.  The aim was to apply the same number of response level 
thresholds for each item (to aid consistency throughout the overall instrument to reduce the 
complexity of the task for the respondent).  To create a measure with a 2-response level 
ƚŚƌĞƐŚŽůĚ ǁŽƵůĚ ƌĞƐƵůƚ ŝŶ ĂŶ ŝŶƐƚƌƵŵĞŶƚ ǁŝƚŚ Ă  “ǇĞs ?ŶŽ ? ƚǇƉĞ ƌĞƐƉŽŶƐĞ ŽƉƚŝŽŶ ?  dŚŝƐ ŝƐ ŶŽƚ
desirable as the final instrument would how low levels of sensitivity to detect changes in QoL.  
It was therefore decided to collapse the item response levels to 3-level responses for each of 
the 11 items.  Introducing a common 3-response level improved the fit of the model (Table 3  ? 
stage 1).  The Chi-Square Interaction Probability Statistic remained acceptable (<0.05).  The test 
for unidimensionality t-test score increased to 3.28% (although this remained within acceptable 
levels).  The Person-Fit Residual was acceptable, and the SD was virtually at 1.  The Item Fit 
Residual was acceptable, however the SD was high.  This suggested that there were still some 
items that were misfitting. 
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Two items were shown to have poor fit.  Item 5 (cross) showed a high negative Fit Residual 
outside of the accepted criteria.  Item 11 (happy) showed a high positive Fit Residual and high 
Chi-Square probability which were both outside of accepted criteria.  A decision was made to 
remove these items from the instrument.  Removal of the items improved the fit of the model 
(Table 3  ? stage 2).  The Person-Fit Residual is still acceptable with a low mean value, and the SD 
is virtually at 1.  The Item Fit Residual shows an acceptable mean, the SD is now acceptable 
(virtually at 1).  This suggests that the items are fitting the Rasch model.  The test for 
unidimensionality t-test score decreased to 1.54% (a value of < 5% is suggestive that the 
instrument is unidimensional17).   Individual Item Fit was further explored.  None of the 
remaining items showed any significant Fit Residuals (see Table 5).   
 
The remaining items were explored to establish whether there was any item bias across groups 
of respondents by assessing the presence of DIF.  No statistically significant DIF was present for 
the person factors of age, sex, the presence of any other health condition, CAT-QoL version, or 
ĐŚŝůĚ ?Ɛ ŚĞĂůƚŚ ĂƐ ƌĞƉŽƌƚĞĚ ďǇ ƚŚĞ ƉĂƌĞŶƚ ?  >ŽĐĂů ĚĞƉĞŶĚĞŶĐǇ ŽĨ ƚŚĞ ŝƚĞŵƐ ǁĂƐ ĞǆƉůŽƌĞĚ ďǇ
observing the correlation scores between the items (Table 6).  Two items showed some 
dependency (worried and upset with family).   A decision was made to omit one of these items.  
Upset with family was chosen as this had a higher fit residual value.   
 
Removing Item 9 (upset with family) altered the fit of the model (as shown in Table 4  ? stage 3).  
The Person-Fit Residual was acceptable with a low mean value and the SD is close to 1.  The Item 
Fit Residual showed an acceptable mean, and the SD is now closer to 1 (than Stage 2).  This 
suggests that overall the items are working.  The test for unidimensionality t-test score has 
ĚĞĐƌĞĂƐĞĚ ?ƚŽ ? ? ? ?A?ĂŶĚƐŽĚĞŵŽŶƐƚƌĂƚĞĚ “ŵŽƌĞ ?ƵŶŝĚŝŵĞŶƐŝŽŶĂůŝƚǇ ?/ŶĚŝǀŝĚƵĂů/ƚĞŵ&ŝƚǁĂƐ
further explored.  None of the items show any significant Fit Residuals.  The items were then 
explored to establish whether there was any item bias across groups of respondents by assessing 
the presence of Differential Item Functioning (DIF).  No statistically significant DIF was present 
for the person factors of age, sex, the presence of any other health condition, or CAT-QoL version 
ŽĨĐŚŝůĚ ?ƐŚĞĂůƚŚĂƐƌĞƉŽƌƚĞĚďǇƚŚĞƉĂƌĞŶƚĨŽƌ/ƚĞŵ ? ?ƵƉƐĞƚ ? ?>ŽĐĂůĚĞƉĞŶĚĞŶĐǇŽĨƚŚĞŝƚĞŵƐ
was explored by observing the correlation scores between the items.  No local dependency was 
found for any of the remaining items. 
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After the removal of the three items (cross, happy and upset with family), the goodness of fit 
the Rasch model was re-evaluated (X2=44.47; p-value=0.07; Item Fit (SD)=-0.200(0.825); Person 
Fit (SD)=-0.233(0.881); Person Separation Index=0.74).  Table 7 shows the Rasch analysis 
summary for the individual items in the final CAT-QoL instrument.  It can be seen that the items 
included in the final CAT-QoL instrument do demonstrate good coverage.   
 
The final 8-item CAT-QoL instrument 
The refined CAT-QoL instrument consists of 8-items, each with 3-level response scales.  It 
includes the following items: sad, feeling on face, hurt, doing work at school, how other children 
treat you, doing things, worried, and playing with friends.  An example of the final questionnaire 
is shown in Figure 3.   
 
Scoring of the final 8-item CAT-QoL instrument 
The results of the Rasch analysis were used to re-score the final CAT-QoL items to that the score 
they provide is an ordinal scale.  Rescoring of the CAT-QoL instrument was achieved using the 
ĨŽƌŵƵůĂ ?ǇA?ŵA? ?Ɛ ?>ŽŐŝƚƐĐŽƌĞ ? ?dŚĞ “ŵ ?ĂŶĚ “Ɛ ?ǀĂůƵĞƐĐĂŶ ƚŚĞŶďĞƵƐĞĚƚŽƚƌĂŶƐĨŽƌŵƚŚĞůŽŐŝƚ
score into the desired 0 to 16 interval scale score, using the formula y= m + (s * Logit score).  In 
the case of the CAT-QoL, the original scale was scored 0- ? ? ?ƚŚĞƌĞĨŽƌĞƚŚĞ “ǁĂŶƚĞĚ ?ƌĂŶŐĞŽĨ
ƉĞƌƐŽŶƐĐŽƌĞƐA? ?ƚŽ ? ? ?dŚĞ “ĐƵƌƌĞŶƚ ?ƌĂŶŐĞŽĨƉĞƌƐŽŶƐƐĐŽƌĞƐŽďƐĞƌǀĞĚŝŶƚŚĞƐƚƵĚǇǁĂƐ-3.60 
to 3.48 (given in logits). The results are shown in the conversion table, Table 8.  The CAT-QoL 
instrument is scored summatively.  Individual item responses are scored from 0 to 2 (least to 
worst) meaning the instrument has a range of 0-16.  The summative score is then converted into 
a Rasch score (as shown in Table 8).  It should be noted that this conversion chart can only be 
used when there is no missing data from an individual.  It can only be used when complete data 
is present.  For example, if an individual scored 14 (raw data score) this would be the equivalent 
of 12.6 on the re-scored measure.  The final CAT-QoL scores range from 0-16, where a greater 
score indicates a worse quality of life (or greater impact of treatment on the individual). 
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DISCUSSION 
This study describes the application of Rasch analysis with the primary aim of refining the CAT-
QoL instrument.  The results demonstrated that the refined CAT-QoL instrument offers good 
range, and coverage.  The process of item selection for PROMs can be subjective.  Some are 
driven by theory, and utilise factor analysis to pre-defined domains (informed by clinicians or 
literature).  The results of factor analysis can be used as a basis to accept/reject items.22  Other 
studies have used Rasch analysis, in conjunction with clinical input and psychometric assessment 
during the item selection process.7;23;24  ŽƚŚŽĨƚŚĞƐĞƚĞĐŚŶŝƋƵĞƐĂĚŽƉƚĂ “ƚŽƉ-ĚŽǁŶ ?ĂƉƉƌŽĂĐŚ ?
where clinical opinion is imposed upon the content of the instrument.  The application of Rasch 
techniques in this study has continued the ethos of the overall aim of this study, of developing 
an instrument for children, by children.  Refinement of the descriptive system was informed by 
their responses, with the results of the analysis directing which items and response levels to 
keep in the instrument.  As discussed, Rasch analysis transforms categorical responses to a linear 
scale.   
 
Previous studies have shown that young children are able to reliably report upon their own 
health.25-27  However, considerations must be made when designing PROM instruments for the 
paediatric population.  The number of items included in an instrument contributes to the 
response burden of the task.  The refined CAT-QoL instrument consists of eight items, which is 
smaller than other self-report PROM instruments, such as the PedsQL.28;29  Results of the Rasch 
analysis revealed disordered response categories for each CAT-QoL item.  This could suggest 
that children aged 4-7 years are not able to make the distinction between 5- or 6-level 
responses, and may interpret some of the response levels to mean the same conceptually.  
Although children aged 8 years have been shown to accurately use a 5-part or 7-part response 
scale, the target population for the CAT-QoL is younger than this (children aged 4-7 years).30  The 
number of response level options in the refined CAT-QoL instrument is appropriate for the target 
population, with each item consisting of three response level options.  It is anticipated that this 
lower task complexity will contribute to good acceptability and completion rates.  The relatively 
poor Person Separation Index (Table 3) could be described as being low (however, still above 
acceptable level of >0.70).  This may be another indication of the difficulty of children responding 
to questionnaires such as the CAT-QoL.  It was not possible to determine how well participants 
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were able to complete the CAT-QoL questionnaire without help from others.  It can only be 
assumed that the responses were self-report (rather than proxy-reported).  
 
The study is not without limitations: the main being the size of the study sample.  The optimum 
number for Rasch analysis is 500.2931  However, a number of 300 is considered sufficient, and 
previous studies have also been limited to this number.10  It may also be argued that the use of 
Rasch to determine selection of items is not appropriate.  Mulhern et al postulated that this 
approach selects items with the best statistics, and that these may not best reflect the HRQoL 
of the patient.7  However, as the development of items for the CAT-QoL was driven largely by 
the interviews with children; the face validity of the instrument is already high.  Rasch analysis 
resulted in the removal of only three items suggested following analysis of the qualitative data.  
The remaining items in the CAT-QoL instrument cover a wide variety of aspects of HRQoL. 
 
Furthermore, therĞĂƌĞŽŶůǇƐŵĂůůŶƵŵďĞƌƐŽĨƌĞƐƉŽŶĚĞŶƚƐŝŶƚŚĞ “ƐĞǀĞƌĞ ?ĐĂƚĞŐŽƌǇŐƌŽƵƉ ?
number of reasons may account for this.  The first is that of categorization: subjects were 
categorized into severity groups as used by the PEDIG studies.19-21  However, this categorization 
is arbitrary, and is not universally accepted.  Secondly, respondents in poorer health may not 
have participated in the study.  It was outside of the scope of the study to document reasons for 
children not agreeing to participate.  Another reason for the small number of respondents in the 
 “ƐĞǀĞƌĞ ? ĐĂƚĞŐŽƌǇ ŝƐ ƚŚĂƚ ĂŵďůǇŽƉŝĂ ŵĂǇ ŚĂǀĞ ďĞĞŶ ĚĞƚĞĐƚĞĚ  ?ĂŶĚ ƚŚĞƌĞĨŽƌĞ ƚƌĞĂƚŵĞŶƚ
ŝŶŝƚŝĂƚĞĚ ? ?ĂƚĂŶĞĂƌůŝĞƌĂŐĞ ?ƚŚĞƌĞďǇƌĞĚƵĐŝŶŐƚŚĞƉŽƚĞŶƚŝĂůŽĨ “ƐĞǀĞƌĞ ?ĂŵďůǇŽƉŝĂŝŶƚŚĞĂǀĂŝůĂďůĞ
study population. 
 
In conclusion, the methods applied have further refined a paediatric disease-specific PRO for 
amblyopia.  Previous stages of development have ensured good content and face validity of the 
instrument.3;4  Here, quantitative techniques were applied to select items and response levels 
for the final descriptive system.  The refined CAT-QoL instrument (see Supplementary Material) 
offers an alternative to generic measures to measure the HRQoL implications of amblyopia 
ƚƌĞĂƚŵĞŶƚĨƌŽŵĂĐŚŝůĚ ?ƐƉĞƌƐƉĞĐƚŝǀĞ ?&ƵƌƚŚĞƌƌesearch is required to examine the psychometric 
properties of the instrument, examining both reliability and validity.  
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Table 1  Study sample socio-demographics 
 Number of subjects (%) 
Age  
4 years 5 (1.5) 
5 years 145 (43.8) 
6 years 123 (37.2) 
7 years 56 (16.9) 
8 years 2 (0.6) 
Ethnicity  
White  238 (71.9) 
Mixed  9 (2.7) 
Asian 46 (13.9) 
Black 7 (2.1) 
Other ethnic group  4 (1.2) 
Not stated  27 (8.2) 
Presence of any Co-morbidities  
Yes 30 (9.1) 
No 301 (90.9) 
Interocular difference at time of validation study 306 (92.4) 
DŝůĚ ? ?A? ? ? ? ? 226 (73.9) 
DŽĚĞƌĂƚĞ ? ? ? ? ?A? ? ? ? ? ? 70 (22.9) 
Severe (> 0.61) 10 (3.3) 
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Amblyopia treatment history  
Glasses now* 324 (97.9) 
Glasses previously* 0 
Patching now* 170 (51.4) 
Patching previously* 70 (21.1) 
Atropine now* 6 (1.8) 
Atropine previously* 11 (3.3) 
Health State (parental report) 
Excellent 
Very good 
Good 
Fair 
Poor 
Not answered 
 
210 (63.4) 
73 (22.1) 
23 (6.9) 
4 (1.2) 
3 (0.9) 
18 (5.4) 
CAT-QoL Version issued 
Patch 
Drops 
Glasses 
Patch and Drops 
Patch and Glasses 
Glasses and Drops 
Glasses, Patch and Drops 
 
9 
0 
145 
0 
173 
0 
0 
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TOTAL 331 
DŝůĚĂŵďůǇŽƉŝĂ ?A? ? ? ?ůŽŐDZ 
DŽĚĞƌĂƚĞĂŵďůǇŽƉŝĂ ? ? ? ?A? ? ? ? ?ůŽŐDZ 
Severe amblyopia > 0.61 logMAR 
* not mutually exclusive 
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Table 2 Type of amblyopia, strabismus and refractive error present in validation study (n=331) 
Condition N (%) 
Type of amblyopia  
Strabismic 105 (31.7) 
Anisometropic 86 (26.0) 
Mixed 69 (20.8) 
Microtropic amblyopia 35 (10.9) 
Other 36 (10.6) 
Type of Strabismus  
No strabismus present 124 (37.5) 
Esotropia 103 (31.1) 
Esotropia with microtropia 17 (5.1) 
Exotropia 6 (1.8) 
Microtropia 63 (19.0) 
Intermittent 18 (5.4) 
Type of Refractive Error  
No refractive error 
Hypermetropia 
Myopia 
Astigmatism 
Anisometropia 
Mixed refractive error 
7 (2.1)  
100 (30.2) 
6 (1.8) 
4 (1.2)  
64 (19.3)  
150 (45.3) 
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Table 3 Summary statistics of validation study data: log of Rasch approach 
 Item Location Person Location Item Fit Residual Person Fit 
Residual 
Chi Square Interaction Person 
Separation 
Index 
Unidimensionality T-tests 
Stage Mean SD Mean SD Mean SD Mean SD Value df p With 
extremes 
Į 
No of 
significant 
tests 
Out 
of 
Percenta
ge at < 
5% 
Initial 0 0.250 -0.986 0.826 -0.834 1.605 -0.314 0.850 99.12 44 0.00000 0.827 3 274 1.09 
1 0 0.526 -1.682 1.292 -0.263 1.998 -0.216 0.921 99.55 44 0.00001 0.7998 9 274 3.28 
2 0 0.492 -1.781 1.317 -0.295 1.044 -0.250 0.927 55.69 36 0.02368 0.7712 4 260 1.54 
Final 0 0.507 -1.715 1.285 -0.200 0.825 -0.233 0.881 44.47 32 0.07028 0.7424 4 261 1.53 
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Criteria 
x Chi-square Item Trait Interaction Probability Statistic:  should be above 0.05 
x Mean Person-Fit Residual value and standard deviation (SD):  mean should be close to 
0; SD close to 1 
x Mean Item-Fit Residual value and SD:  mean should be close to 0; SD close to 1 
x Person Separation Index (PSI):  should be > 0.7 
x Unidimensionality (Percentage at < 5%):  value should be less than 5% 
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Table 4 Maximum number of possible response levels after reducing response levels for 
each item 
Item Number of Level Thresholds 
1 (sad) 3 
2 (feeling on face) 4 
3 (hurt) 4 
4 (doing schoolwork) 3 
5 (cross) 2 
6 (children treating you) 3 
7 (doing things) 3 
8 (worried) 3 
9 (upset with family) 3 
10 (playing with friends) 3 
11 (happy) 2 
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Table 5 Individual Item Fit scores after removing Item 5 (cross) and Item 11 (happy) 
Item Location Standard 
Error 
Fit 
Residual 
Degrees 
of 
Freedom 
Chi-
Square 
Value 
Degrees 
of 
Freedom 
Probability 
1 (sad) -0.468 0.105 -1.636 229.61 11.208 4 0.024328 
2 (feeling on 
face) -0.845 0.114 0.338 226.97 3.271 4 0.513464 
3 (hurt) 0.144 0.12 -0.084 229.61 4.743 4 0.314667 
4 (doing 
schoolwork) 0.029 0.117 0.552 222.57 4.888 4 0.298973 
6 (children 
treating 
you) 0.159 0.119 0.808 228.73 4.657 4 0.3243 
7 (doing 
things) -0.371 0.106 -1.155 224.33 3.479 4 0.481055 
8 (worried) 0.26 0.122 -0.61 227.85 7.263 4 0.122648 
9 (upset 
with family) 0.268 0.123 -1.787 226.09 12.662 4 0.013051 
10 (playing 
with 
friends) 0.823 0.141 0.92 225.21 2.523 4 0.640563 
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Table 6 Person Item Residual Correlation Matrix after removal of Item 5 (cross) and Item 11 (happy) (Stage 2) 
Item Item  1 Item 2 Item 3 Item 4 Item 6 Item 7 Item 8 Item 9 
Item 1 - sad         
Item 2 - feeling on face 0.007        
Item 3 - hurt -0.162 -0.091       
Item 4 - doing schoolwork -0.116 -0.106 -0.156      
Item 6 - children treating you -0.174 -0.148 -0.05 -0.197     
Item 7 - doing things -0.193 -0.188 -0.092 -0.08 -0.171    
Item 8 - worried -0.056 -0.208 -0.201 -0.104 -0.196 -0.14   
Item 9 - upset with family -0.066 -0.205 -0.171 -0.174 -0.127 -0.028  ? ? ? ? ? ?  
Item 10 - playing with friends -0.179 -0.247 -0.105 -0.131 0.014 -0.092 -0.046 -0.114 
 ?ŽƵƚƐŝĚĞŽĨĂĐĐĞƉƚĞĚĐƌŝƚĞƌŝĂ 
(average of residual correlations = -0.128
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Table 7  Rasch analysis summary for final 8-item CAT-QoL instrument 
Item Item Range 
(logit values) 
Fit Residual X2 p-value Spread at logit 
Sad 0.223 to -1.078 1.771 0.041 0.44 to 0.75 
Feeling on face -2.29 to 0.699 0.111 0.129 0.33 to 0.91 
Hurt -1.281 to 1.643 -0.334 0.213 0.16 to 0.78 
Doing schoolwork -0.699 to 0.824 0.173 0.622 0.30 to 0.67 
Children treating you -0.447 to 0.829 0.571 0.377 0.30 to 0.61 
Doing things -0.529 to -0.136 -1.011 0.448 0.53 to 0.63 
Worried -0.387 to 0.927 -0.007 0.249 0.28 to 0.60 
Playing with friends 0.018 to 1.684 0.666 0.232 0.16 to 0.50 
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Table 8 Rescoring of CAT-QoL instrument  
CAT-QoL Raw Score Person Scores Interval Level 
Equivalences 
Rounded Interval Level 
Equivalent Score 
0 -3.60 -0.00000020 0.0 
1 -2.65 2.14689245 2.1 
2 -1.98 3.66101674 3.7 
3 -1.51 4.72316363 4.7 
4 -1.13 5.58192069 5.6 
5 -0.81 6.30508453 6.3 
6 -0.52 6.96045176 7.0 
7 -0.25 7.57062125 7.6 
8 0.01 8.15819187 8.2 
9 0.27 8.74576249 8.7 
10 0.55 9.37853085 9.4 
11 0.84 10.03389808 10.0 
12 1.16 10.75706192 10.8 
13 1.53 11.59322011 11.6 
14 1.98 12.61016926 12.6 
15 2.61 14.03389807 14.0 
16 3.48 15.99999976 16.0 
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Figure 1  Example of 11-item CAT-QoL (patch version) 
Item  Item Score 
Sad 
 
My patch has not made me feel sad 0 
My patch has made me feel a little bit sad 1 
My patch has made me feel a bit sad 2 
My patch has made me feel quite sad 3 
My patch has made me feel very sad 4 
Feeling of your 
patch on your face 
(like sticky, or itchy) 
 
The feel of my patch has not bothered me 0 
The feel of my patch has bothered me a little bit 1 
The feel of my patch has bothered me a bit 2 
The feel of my patch has bothered me a lot 3 
The feel of my patch has really bothered me  4 
Hurt My patch did not hurt me 0 
My patch hurt me a little bit 1 
My patch hurt me a bit 2 
My patch hurt me quite a bit 3 
My patch hurt me a lot 4 
My patch really hurt me 5 
Doing work at 
school (like reading 
and writing) 
 
My patch has not made it hard to do my work 0 
My patch made it a little bit hard to do my work 1 
My patch made it a bit hard to do my work 2 
My patch made it quite hard to do my work 3 
My patch made it very hard to do my work 4 
Cross 
 
My patch did not make me feel cross 0 
My patch made me feel a little bit cross 1 
My patch made me feel a bit cross 2 
My patch made me feel quite cross  3 
My patch made me feel very cross 4 
How other children 
have treated you 
(like laughing at 
you, or calling you 
Children have not laughed at me or called me names 0 
Children have laughed at me or called me names a 
little bit 
1 
Children have laughed at me or called me names a bit 2 
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names) because of 
your patch 
 
Children have laughed at me or called me names quite 
a bit 
3 
Children have laughed at me or called me names a lot 4 
Children have really laughed at me or called me names 5 
Doing things (like 
playing on the 
computer, 
colouring, playing 
games, watching TV) 
 
My patch has not made it hard to do things 0 
My patch has made it a little bit hard to do things 1 
My patch has made it a bit hard to do things 2 
My patch has made it quite hard to do things 3 
My patch has made it very hard to do things 4 
Worried My patch has not made me feel worried 0 
My patch has made me feel a little bit worried 1 
My patch has made me feel a bit worried 2 
My patch has made me feel quite worried 3 
My patch has made me feel very worried 4 
Upset My patch has not made me feel upset 0 
My patch has made me feel a little bit upset 1 
My patch has made me feel a bit upset 2 
My patch has made me feel quite upset  3 
My patch has made me feel very upset 4 
Playing with my 
friends 
My patch has not stopped me playing with my friends 0 
My patch has stopped me playing with my friends a 
little bit  
1 
My patch has stopped me playing with my friends a bit 2 
My patch has stopped me playing with my friends 
quite a bit 
3 
My patch has stopped me playing with my friends a lot 4 
My patch has really stopped me playing with my 
friends 
5 
Happy My patch has not made me feel happy 0 
My patch has made me feel a little bit happy  1 
My patch has made me feel a bit happy 2 
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My patch has made feel quite happy 3 
My patch has made me feel very happy 4 
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Figure 2 Methodological stages of the Rasch analysis
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Run Rasch Model and assess overall model 
fit
Assess threshold ordering
Collapse any adjacent response levels
Re-run Rasch Model and assess overall 
model fit
Assess for individual item fit
Remove misfitting items
Re-run Rasch Model and assess overall 
model fit
Assess for DIF
Remove any items where statistically 
significant DIF is found
Re-run Rasch Model and assess overall 
model fit
Assess unidimensionality  ?local dependency
Remove any items where dependency is 
found
Re-run Rasch Model and assess overall 
model fit
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Figure 3  Final 8-item CAT-QoL (patch version) 
Item  Item Score 
Sad 
 
My patch has not made me feel sad 0 
My patch has made me feel a little bit sad 1 
My patch has made me feel very sad 2 
Feeling of your patch on 
your face (like sticky, or 
itchy) 
 
The feel of my patch has not bothered me 0 
The feel of my patch has bothered me a bit 1 
The feel of my patch has bothered me a lot 2 
Hurt My patch did not hurt me 0 
My patch hurt me a bit 1 
My patch hurt me a lot 2 
Doing work at school 
(like reading and 
writing) 
My patch has not made it hard to do my work 0 
My patch made it a bit hard to do my work 1 
My patch made it very hard to do my work 2 
How other children have 
treated you (like 
laughing at you, or 
calling you names) 
because of your patch 
Children have not laughed at me or called me 
names 
0 
Children have laughed at me or called me names a 
bit 
1 
Children have laughed at me or called me names a 
lot 
2 
Doing things (like 
playing on the 
computer, colouring, 
playing games, watching 
TV) 
My patch has not made it hard to do things 0 
My patch has made it a bit hard to do things 1 
My patch has made it very hard to do things 2 
Worried My patch has not made me feel worried 0 
My patch has made me feel a bit worried 1 
My patch has made me feel very worried 2 
Playing with my friends My patch has not stopped me playing with my 
friends 
0 
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My patch has stopped me playing with my friends 
a bit 
1 
My patch has stopped me playing with my friends 
a lot 
2 
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Supplementary Material A 
Trust Study ID Number: 
Data Collection Form 
 
Patient Initials     Date of Questionnaire 
 
Date of Birth    Age (yrs) 
 
WĂƚŝĞŶƚ ?ƐƉŽƐƚĐŽĚĞ 
 
Ethnicity     Sex  Male/Female 
 
Ophthalmic Diagnosis/Diagnoses 
 
Other Diagnosis/Diagnoses 
 
Details of amblyopia treatment (insert dates) 
Glasses ________    Started ________  
Ongoing? (please tick)_____    Previously?  (please tick)_______ 
Patching _______    Started   ________   
Ongoing? (please tick)_____    Previously?  (please tick)_______ 
Atropine _______    Started   ________   
Ongoing? (please tick)_____    Previously?  (please tick)_______ 
 
Visual Acuity at time of questionnaire 
With/without glasses RE   LE  Test 
Visual Acuity when treatment first initiated 
With/without glasses RE   LE  Test 
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Supplementary Material B: Category probability curves for the 11-item CAT-QoL instrument 
 
 
Item 1 (sad) 
 
 
Item 2 (feeling on face) 
 
 
Item 3 (hurt) 
 
 
Item 4 (doing schoolwork) 
 
 
Item 5 (cross) 
 
 
Item 6 (children treating you) 
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Item 7 (doing things) 
 
 
 
Item 8 (worried) 
 
 
 
Item 9 (upset with family) 
 
 
 
Item 10 (playing with friends) 
 
 
Item 11 (happy) 
 
 
 
 
 
 
 
 
 
 
